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Introduction 1
In mammals, delamination of primitive endoderm (PrE) from the inner cell mass 2 (ICM) in the late blastocyst-stage embryo marks the second fate specification event (the 3 first being the separation of trophectoderm (TE) from the ICM). The PrE differentiate 4 into visceral endoderm (VE) and parietal endoderm (PE) that line ICM and TE, 5
respectively (Cockburn & Rossant, 2010) . Together, the VE and PE generate the yolk 6 sac, the first placental membrane. The yolk sac serves as the main placenta in rodents 7 until mid-gestation (d11.5), and performs several important functions including providing 8 nutritional support, gas exchange, hematopoiesis, and patterning cues to the developing 9 embryo. However, in non-rodent species including pig and humans, the yolk sac is 10 short-lived (Bauer et al, 1998; Carter, 2016) . Regardless, in all species the PrE does not 11 contribute to the embryonic endoderm, which emerges later following gastrulation 12 (Kwon et al, 2008) . 13
In culture, three types of stem cells can be established from the mouse embryo: 14 embryonic stem cells (ESC) from the EPI, trophoblast stem cells (TSC) from TE, and 15 XEN cells from PrE, which contribute to the embryo proper, the placenta, and the yolk 16 sac, respectively (Rossant, 2008) . The XEN cells can also be induced from ESC by is unclear whether XEN cells from non-rodent animals (human and pig) have potency 3 similar to mouse or rat (Seguin et al, 2008) . In this regard, the pig model can prove to 4 be uniquely valuable in bridging the translational gap between rodents and humans. 5
Authentic ESC from pigs (p) have yet to be generated even after three decades 6 of extensive investigation. The major reason for difficulties in the derivation of pESC is 7 the instability of the pluripotent state (Alberio et al, 2010; Telugu et al, 2010) . Even 8 though derivation of pESC from EPI cells has proven to be difficult, extraembryonic 9
(ExE) cells within the early blastocyst outgrowths grow rapidly and outnumber the EPI 10 cells, which can often be misinterpreted as epiblast cells (Keefer et al, 2007) . There are 11 several reports describing pig EPI-like cells with properties similar to human ESC (Hou 12 To -date these pXEN cells represent the only well characterized embryo-derived stem 20 cell line that can be readily and reproducibly established under current culture 21 conditions. The pXEN cells are stable in culture, undergo self-renewal for extended 22 periods of time, contribute predominantly to the yolk sac and at a minor level to 23 embryonic endoderm (gut) in chimeras, and can serve as nuclear donors to generate 1 live offspring. 2
Results 1

In vitro derivation and expansion of primary PrE outgrowths 2
A central assumption behind the failure to establish pESC is a rapid loss of 3 pluripotency in primary outgrowths (Alberio et al, 2010) , however no details of lineage 4 identities during the derivation phase have been given. We therefore aimed at clarifying 5 cellular identity in the early blastocyst outgrowth. Whole blastocyst explants following 6 attachment became flattened and spread out within 2 days of culture ( Figure 1a ). As 7 primary outgrowths expanded, TE cells began to first emerge and then underwent 8 dramatic morphological changes, becoming larger and flatter, and soon-after 9 undergoing apoptosis ( Figure 1a ). After 5 days, a population of round and dispersed 10 epithelial cells emerged as a discrete cell layer bordering the ICM (hereafter called 11 "EPI") cells ( Figure 1a ). The majority of EPI cells were SOX2 positive (18/21) but only a 12 few co-expressed NANOG (4/21) ( Figure 1b ), similar to the staining pattern observed in 13 the blastocyst (Figure 1c ). Notably, the large round cells initially considered as TE cells, 14 stained positive for GATA6 (9/12) and CK18 but lacked CDX2 expression ( Figure 1b) . 15
The expression of GATA4, a later marker of the PrE, was also detected in few small 16 round cells (4/7) (Appendix Figure s1a PrE populations (Figure 1d and e) and were used further in our studies. 23
Initially, NANOG or GATA4 positive (+) cells were mostly undetectable, but 1 cytoplasmic GATA4 expression appeared in the periphery of the early ICM outgrowths 2 by day 3 of culture ( Figure 1f ). Intriguingly, NANOG/GATA4 co-positive cells that lined 3 the side of EPI outgrowths gradually increased by 5 days, and by day 7, > 90% of 4 GATA4+ cells co-expressed NANOG (Figure 1f ). In contrast, the expression of NANOG 5 was detected in few if any EPI cells, while the SOX2 expression was progressively 6 decreased with time, indicating the loss of pluripotency (Appendix Figure 1d ; Figure 1e The emergence of a distinct SALL4+ PrE population in primary outgrowths has 19 prompted us to attempt derivation of pXEN cells. After 7-9 days of culture, PrE cells 20 began to emerge in primary outgrowths and could be clearly demarcated based on their 21 morphology and their easy dissociation from the EPI cells (Appendix Figure s2a ). Both 22 EPI and PrE colonies displayed a distinct morphology following serial passages ( Figure  23 2a). Consistent with previous findings, the EPI colonies underwent spontaneous 1 differentiation toward a fibroblast-or neuron-like appearance by passages 5-7. The 2 colonies from PrE-derivatives, on the other hand, were more stable in culture. The 3 colonies were propagated as flattened colonies and passaged as clumps by mechanical 4 or enzymatic dissociation ( Figure 2b ), but did not survive passage as single cells, even 5 when treated with ROCK inhibitor Y-27632 ( Figure 2b ; Appendix Figure s2b ). Following 6 sub-passage, the PrE colonies initially appeared as a homogenous colony of cells and 7 grew as a monolayer. Upon serial passaging, two distinct populations emerged; a 8 cobble-stone morphology in the center of the colony, and epithelial sheet-type cells at 9 the borders of the colony (Appendix Figure s2c ). The cells at the periphery were 10 strongly alkaline phosphatase (ALP) positive ( Figure 2c ) and exhibited rapid 11 proliferation as confirmed by PCNA staining (Appendix Figure s2c ). The density of the 12 feeder cells influenced the colony stability with the optimal densities ranging from 3-4 x 13 While CDX2 is not detectable, other TE-markers EOMES and GATA3 were expressed, 21 consistent with the role of the latter in endodermal specification. Taken together, the 22 molecular signature confirmed the established colonies as XEN cells. 23
We tested the growth factor requirements of pXEN cells based on observations 1 from mouse (Kunath et al, 2005) . Withdrawal of either LIF, bFGF or both, had no impact 2 on primary PrE induction. However, in the omission of both, the cells failed to expand 3 into stable cell lines confirming the growth factor responsiveness ( Figure 2f ). The 4 colonies that arose in LIF or FGF4 alone did not proliferate as rapidly as cells cultured 5 with either bFGF, or both LIF and bFGF ( Figure 2g ). Omission of both growth factors 6 resulted in a dramatic reduction in colony formation, with low expression of XEN marker 7 genes FOXa2, GATA4, GATA6, HNF4a, PDGFRa, SALL4 and SOX17, and high 8 expression of VE-(AFP and UPA), and PE-genes, (SNAIL, SPARC, and VIMENTIN), 9 consistent with spontaneous differentiation (Figure 2h ). The XEN cells could be stably 10 maintained in serum-free N2B27-based defined medium with lower degree of cellular 11 differentiation and expression of VE-and PE-related genes, however this resulted in a 12 longer cell doubling time (Appendix Figure s2f and g). One interesting finding is the 13 presence of characteristic lipid droplets in the cytoplasm of pXEN cells (Figure 2a maintained with proliferative potential in culture for extended passages (>50 passages), 23 and were karyotypically normal ( Figure. 2k ). After 5 days of hanging culture, static 1 embryoid body structures were formed and expressed higher level of differentiated state 2 VE and PE markers (Appendix Figure s2i ). Transcriptomic analysis of pXEN cells 3 expressed characteristic XEN cell repertoire and clustered closely with rodent XEN cells 4 (Figure 2l , m, and n). Importantly, no teratoma development was observed in any 5 recipient mice transplanted with 1 × 10 6 to 10 7 cells from the six robust pXEN cell lines 6 (Appendix Table s2 ) indicating that all injected pXEN cells were committed and not 7 pluripotent cells. injected as clumps integrated into host embryos more efficiently (77.3 to 85.7%) than 20 individual cells (37.5 to 47.4%); and cells injected at the blastocyst stage showed better 21 incorporation into ICM (85.7%) than when injected at the morula stage (77.3%) 22
(Appendix Table s3 ). To evaluate in vivo chimeric development, pXEN cells were 23 similarly injected as clumps into host blastocysts (n=109). Following overnight culture, 1 the resulting re-expanded blastocysts (n=94) were transferred into 3 recipient sows 2 ( Figure 3b ). A total of 25 fetuses (27%) were retrieved from 2 recipients on day 21 3 (Figure 2b ). Among the recovered fetuses, the injected GFP + cells were found in the 4 yolk sac (6/9) and the fetal membranes (5/9), and a small group of GFP + cells were 5 observed in one embryo (1/9) ( Figure 3b ). Notably, GPF + cells extensively contributed 6 to the yolk sac in two chimeras (XeC#2-3 and XeC#2-4) with a moderate signal in the 7 allantochorion ( Figure 3c ). The GFP + cells observed in embryos were from pXEN cells 8
and not due to auto-fluorescence as confirmed by genomic PCR. Quantification of GFP + 9 cells by qPCR confirmed XEN cell chimerism at 1.7% in 2 embryos, and at 12.9% in the 10 yolk sac, and 8% in the allantochorion, signifying active integration and proliferation of 11 and gut endoderm (Appendix Table s5 ). Overall, the chimerism frequency of the pXEN 18 cells was rather high (60%). 19 20
Generation of viable cloned offspring from pXEN cells via SCNT 21
In an effort to test the utility of pXEN cells as nuclear donors, we performed 22
SCNT with the pXEN cells used in the chimera assay (above), alongside previously 23 published crossbred knock-out fetal fibroblasts (FF NGN3-/-) as controls (Sheets et al, 1 2018). A total of 222 cloned embryos reconstituted from pXEN (n=61) and FF (n=161) 2 were co-transferred into two surrogate gilts to exclude confounding variables associated 3 with recipient animals affecting the outcome. Following embryo transfers, one 4 pregnancy was established, and 8 cloned piglets were delivered at term. Three of the 8 5 piglets were GFP positive and black coated (4.9%) confirming the COL1A:GFP 6
Ossabaw XEN cell origin, while 5 piglets were white coated and GFP negative and 7 therefore from the control fibroblasts (3.1%) ( Figure 4a ). As expected, the piglets 8 exhibited ubiquitous expression of GFP in all tissues ( Figure 4b ). The genotype of the 9 offspring was confirmed by PCR ( Figure. 4c ). In addition to this, we performed multiple 10 rounds of SCNT with FF pCOL1A:GFP (#3) from which the XEN cells were derived. Despite 11 being genetically identical, no offspring were obtained from founder GFP fibroblasts, but 12 the XEN cells derived from fibroblasts served as efficient donors in SCNT. 13
Discussion 1
Despite all efforts made so far, establishment of embryo-derived stem cells 2 without major chemical intervention in pigs has largely been unsuccessful. As shown by 3 multiple groups, the EPI fraction of primary explants fails to proliferate, and the cultures 4 are rapidly overtaken by proliferating ExE cells. That said, there were no published 5
reports that temporally followed the fate of the ExE derived lines in culture, nor have 6 they been adequately characterized. However, the equivalent lines from mouse have 7 been thoroughly characterized. This report for the first time takes a systematic and in-8 depth look at the derivation, establishment, and characterization of XEN cells from PrE. 9
During early mouse embryo development, NANOG is expressed in EPI cells and 10 excluded from GATA4 + PrE cells in embryo (Chazaud et al, 2006; Plusa et al, 2008) . 11
This seems counterintuitive given the mutual antagonism between NANOG and GATA4 12 that facilitates key cell-fate decisions between EPI and PrE, respectively (Mitsui et al, 13 2003) . Indeed, several lines of evidence support the expression of NANOG in pig Generation of embryonic chimeras has been considered the most stringent test 23 of stem cell differentiation potential in vivo (Mascetti & Pedersen, 2016) . This study 1 demonstrates that despite the lack of pESC, it is possible to generate embryo-derived 2 stem cell lines with PrE-like properties as confirmed by lineage-restricted plasticity in the 3 resulting chimeras, which were not irrevocably fixed (e.g., yolk sac, placenta, gut 4 endoderm) (Kwon et al, 2008) . This indicates that the pXEN cells are in a less 5 committed endodermal naïve state. In the pig, freshly isolated ICMs are capable of 6 widespread tissue contribution, including germline colonization in chimeras (Nagashima 7 et al, 2004) . Despite this, the pluripotent EPI or iPS cells were preferentially engrafted It is likely that in the absence of defined conditions, embryonic outgrowths are unstable 10 and transition to a XEN-like state (Zhao et al, 2015) . Future chimera trials will be 11 performed in embryos that lack key gate-keeper genes (for e.g., SALL4), where the 12 relative contribution of pXEN cells to embryonic and ExE endodermal lineages are 13 expected to be higher when compared to current experiments performed with wild type 14
embryos. 15
In vivo generation of human organs via interspecies chimeras between human 16
and pigs via blastocyst complementation has been acknowledged as a source of donor Another advantage of the pXEN cells is the competency to generate live animals 5 via SCNT. This is especially attractive in complex genome editing and genetic 6 engineering applications where a long-life span in culture is desirable. As evidenced 7 from this study, genetically modified fibroblast cells failed to generate live offspring, 8
whereas, the pXEN cells derived following cloning of the FFs were able to generate live 9 offspring at a relatively high efficiency (4.9%). One potential explanation is the 10 epigenetic disruption caused by transfection that may have compromised embryonic 11 development. It's possible that the pXEN cell derivation process resets the genome to a 12 state that allows full-term development. It remains to be seen if this could be applicable 13
to other cells which fail to generate live offspring. Taken together, we argue that the 14 derivation of pXEN cells fulfils a longstanding need in the livestock genetics field for a 15 stem cell line of embryonic origin that can be reliably and reproducibly generated, are 16 stable in culture, have the potential to contribute to chimeras, and are a good source for 17 creating cloned animals. Minneapolis, MN). Other media combinations that were tested include RPMI 1640 or 1 N2B27 serum free medium (1:1 ratio of DMEM/F12 and Neurobasal medium plus N2 2 and B27, all from Gibco), with a combination of 5 ng/mL LIF and/or 10 ng/mL bFGF, or 3 25 ng/mL human recombinant fibroblast growth factor 4 (hrFGF4; R&D Systems) and 1 4 μg/mL heparin (Niakan et al, 2013) . Following initial plating, attachment and outgrowth 5 development, the medium was refreshed on d 3, followed by media exchange every 2 6 days. After 7-8 days of culture, the primary outgrowths were mechanically dissociated 7 into small clumps, and transferred onto fresh feeders for passaging. The pXEN cells 8
were cultured at 38.5°C in 5% O 2 and 5% CO 2 , with the culture medium being refreshed 9 every other day and passaged at 1:20 every 7-8 days. Cells were passaged as clumps 10 by gentle pipetting following 10 min digestion with Accutase (Gibco). Before routine 11 passaging and freezing, cells were cultured with Rho Kinase (ROCK) inhibitor Y-27632 12 The cells were fixed with 4% (w/v) paraformaldehyde for 3 min at room temperature (RT) 20
and were washed three times with DPBS. Alkaline phosphatase (ALP) staining was 21 performed with a BCIP/NBT Alkaline Phosphatase Color Development Kit following the 22 manufacturer's instructions. The cells were examined using an inverted microscope. 23
In vitro differentiation of XEN cells into parietal or visceral endoderm: 1
The pXEN cells were differentiated by means of embryoid body (EB) formation as 2 previously described (Chuykin et al, 2013) . pXEN cells were dissociated as clumps, 3
washed, and resuspended in medium (DMEM/F12 plus 15% FBS) as hanging drops on 4 the lid of a 60 mm dish, and cultured for 5 days, during which time spheroids were 5 formed. 6
Methods for embryo production and manipulation 7
The in vivo and in vitro embryo production were performed as described previously 8 min in DPBS containing 0.2% BSA. The sperm pellet was adjusted to a concentration of 15 2 × 10 5 sperm per mL and co-incubated with matured oocytes in modified Tris-buffered 16 medium containing 0.4% BSA for 5 hr in a humidified atmosphere (5% CO 2 in air). 17
Following three washes, putative zygotes were cultured and maintained in PZM3 18 medium in a low oxygen air (5% O 2 and 5% CO 2 in air). For obtaining in vivo embryos, 19 donor animals were synchronized using Regumate and artificially inseminated at 12 and 20 24 hr following the observation of first standing estrus. On days 5-7 post-insemination, 21 in vivo embryos were recovered by flushing oviduct with 35 ml of TL-Hepes buffer 22
containing 2% BSA under general anesthesia. For SCNT, fetal fibroblasts (FF) were 23 synchronized to the G1/G0-phase by serum deprivation (DMEM with 0.2% FCS) for 96 1 hr, and pXEN cells were mitotically arrested by serum free medium (N2B27 with 1% 2 BSA) for 48 hr followed by incubation with aphidicolin (0.1 μM) for 12 hr. Electroporation System (BTX, Holliston, MA). After fusion, the reconstituted oocytes 9
were activated by a DC pulse of 1.2 kV/cm for 60 μs, followed by post-activation in 2 10 mM 6-dimethylaminopurine for 3 hr. After overnight culture in PZM3 with a histone 11 deacetylase inhibitor Scriptaid (0.5 μM), the cloned embryos were surgically transferred 12 into the oviduct. Parthenogenetic embryos were produced by the activation procedures 13 used for SCNT. 14
Embryo Transfer 15
The surrogate recipients were synchronized by oral administration of progesterone 16
analog Regumate for 14-16 days. Animals in natural estrus on the day of surgery were 17 used as recipients for SCNT embryo transfers (into oviduct), and at days 5-6 after 18 natural heat were used for blastocyst transfer (into uterus) for generating chimeras. 19
Surgical procedure was performed under a 5% isofluorane general anesthesia following 20 induction with TKX (Telazol 100 mg/kg, ketamine 50 mg/kg, and xylazine 50 mg/kg 21 body weight) administered intramuscularly. Pregnancies were confirmed by ultrasound 22 on day 27 following transfer. Cloned piglets were delivered at day 117 of pregnancy by 1 natural parturition. 2
RNA and DNA preparations 3
For isolation of genomic DNA (gDNA) from cells and tissues, the QIAamp mini DNA Kit 4 (Qiagen, Valencia, CA, USA) was used according to the manufacturers' instructions. 5
Total RNA was isolated using Trizol plus RNeasy mini kit (Qiagen) and mRNA from 6 individual blastocysts was extracted using the Dynabeads mRNA Direct Kit (Dynal Asa, 7
Oslo, Norway). Synthesis of cDNA was performed using a High Capacity cDNA 8
Reverse transcription kit (Applied Biosystems; ABI,Foster City, CA) according to the 9 manufacturers' instructions. The QIAseq FX Single Cell RNA Library kit (Qiagen) was 10 used for Illumina library preparation and transcriptomics analysis. Appendix Table s1 . 20
Data access 21
A total of 12 RNA-seq data sets generated in this study have been deposited in the 22 CNSA (https://db.cngb.org/cnsa/) of CNGBdb with accession code CNP0000388, and 23 also NCBI Gene Expression Omnibus (GEO; http://www.ncbi.nlm.nih.gov/geo) under 1 accession number GSE128149. 2
Transcriptomics Analysis 3
RNA-seq reads were mapped to the pig reference genome (Sscrofa11.1) using 4 The final expression matrix was subjected to hierarchical clustering using R software. 1 Development stage (PE, PrE, TE, VE and EPI)-specific genes were selected to do the 2 subsequent analyses. They were mapped to the final expression matrix to do the PCA 3 and heatmap analysis with R software. 4
Immunofluorescence and Immunohistochemical analysis 5
The embryos, explants and derived pXEN cell lines (Xvv#9 and Xnt pCOL1A:GFP#3-2) 6 have been characterized by staining for markers by immunofluorescence (IF) analyses. 7
Samples were fixed with 4% (w/v) paraformaldehyde for 5 min, then washed with DPBS. 8
The sections were permeabilized in DPBS containing 0.01% Triton X-100 (PBT) for 20 9 min, blocked in blocking solution (10% FBS and 0.05% Triton X-100 in DPBS) for 1 hr, 10 and then incubated with primary antibodies overnight at 4°C. The following day, the 11 sections were washed three times in PBT, followed by incubation in the blocking 12 solution with fluorescence labelled secondary antibodies (Alexa Fluor 488 (1: 500) 13 and/or Alexa Fluor 568 (1:500) against primary antibody host species) for 1 hr. The cell 14 nuclei were stained with DAPI (Life Technologies) for 5 min in the dark at RT. For 15 Immunohistochemistry, representative samples from the chimeric fetuses including fetal 16 membranes were fixed with 4% formalin overnight at 4°C. Serial paraffin sections were 17 prepared by American Histolabs Inc. (Gaithersburg, MD) and stained with hemotaxylin 18 and eosin to serve as a reference. Immunostaining was subjected to heat-induced 19 antigen retrieval at 95-98 °C for 20 min in Tris EDTA buffer (pH 9.0, 0.05%Tween20), 20 cooled at RT for 20 min, permeabilized in DPBS containing 0.01% Triton X-100 (PBT) 21 for 20 min, blocked using Super Block blocking buffer (Thermo Fisher Scientific, 22
Waltham, MA, USA) for 30 min at RT, and incubated with primary and secondary 23 antibodies and stained using process described above. GFP antibody and IHC 1 protocols were validated with the tissues from a female XEN cloned pig (Xnt clone #1) 2 prior to use in chimera testing. For immunofluorescence and immunohistochemistry, 3 negative control slides, without primary antibody, were included for each experiment to 4 establish background staining. Imaging was performed using an inverted fluorescent 5 microscope (Nikon Eclipse N2000). The source of antibodies used in the experiments 6 were listed in Appendix Table s1 . 7
Generating of a GFP-KI reporter. 8
In order to establish green fluorescent protein (GFP) gene-based reporter XEN cell line, 9
we used a site-specific knock in (KI) Ossabaw fetal fibroblasts. In order to facilitate KI at 10 high frequencies, we have used a combination of small molecule inhibitor of NHEJ 11 The cell lysates (2 μL) were directly used as a template for PCR with screening primers 21 (Appendix Table s1 ). Using this approach, we have identified >60% of the clonal lines 22
showing stable integration of the transgene. The targeted-clones with a strong and 23 consistent fluorescence intensity as determined by fluorescence microscopy were 1 frozen in 92% FCS and 8% DMSO, prior to use as nuclear donor cells. Using labeled 2 XEN cells, live animals were generated by SCNT. 3
Chimera assay 4
For lineage tracing of injected XEN cells, a total of eight reporter XEN cell lines were 5 Technologies) for 2 hr and dissociated with Accutase at 38.5 °C for 5 min followed by 10 gentle pipetting. About 3-4 small clumps (10-15 cells) were injected per blastocyst 11 (Appendix Figure s3b ). After 20~24 hr of culture, injected blastocysts (n=94) were 12 surgically transferred into the upper part of each uterine horn through needle puncture 13 in recipients at days 5-6 of the estrous cycle (D0=onset of estrus; n=3). On day 15 after 14 embryo transfer, the surrogate animals were euthanized to recover XEN-chimeras (XeC; 15 embryonic day 21). A total of 25 fetuses were obtained after transfer and assessed 16 macroscopically for viability and GFP expression. Fetuses that showed strong GFP 17 expression in yolk sac (XeC#3-4) were cut sagittally; one half was used for histological 18 analysis, whereas the second for DNA extraction. For detecting chimera contribution, 19 gDNA were extracted from three parts of embryos: a small pieces of tissue at the 20 posterior region of the fetus, yolk sac, and allantochorionic membrane. Embryos that 21 were malformed or noticeably delayed (i.e. spherical and ovoid) were used only for 22 gDNA isolation. The gDNA samples were subjected to PCR for chimera detection with 23 genotyping primers (Appendix Table s1 ), and qPCR was performed for the detection of 1 knock-in allele and chimerism rate. Prior to use in the qPCR analysis, the dynamic 2 range of qPCR primers were validated (amplification efficiency >90%). The GFP labeled 3 pXEN cell line (Xnt pCOL1A:GFP #3-2) was used as a positive control (GFP + , 100%) 4 and a non-GFP XEN cell from parthenote embryo (Xpg#1) served as a negative (GFP-, 5 0%) control for investigating % chimerism. Relative expression was calculated using the 6 comparative 2 -ΔΔ Ct method. qPCR was performed in triplicate. Cycling conditions for 7 both GFP and reference (ACTB and YWHAZ gene) products were 10 min at 95°C, 8 followed by 40 cycles of 95°C for 15 sec, and 60°C for 1 min. The primers used in qPCR 9 are listed in Appendix Table s1 . 10
Teratoma Assay 11
Immunedeficient-nude (BRG, BALB/c-Rag2 null IL2rg null ; Taconic) and -scid (NIH-III, 12
Cr:NIH-bgnu-Xid; National Cancer Institute) male mice were used to perform teratoma 13 formation assay. Before transplanting, the pXEN cells were incubated for 2 hr in With six pXEN cell lines, the cell suspensions (1 to 10 × 10 6 cells) were subcutaneously 18 injected into 6-8-week-old mice (Appendix Table s2 ). Mice were housed in specific 19 pathogen-free conditions and were monitored for a minimum of 30 weeks. 20
Statistical analysis 21
Statistical analysis was performed with GraphPad Prism 6 (GraphPad Software, Inc., 22
San Diego, CA, USA) using two-way analysis of variances (ANOVA) and Tukey's 23 multiple comparison test at 5% level of significance. Data were presented as mean ± 1 SD. 
